Shigellae. Forty-six lyophilized stIains of Shigella were selected at random from the Naval Medical Department Reference Collection of Enterobacteriaceae. These strains, received as reference cultures from epidemics and from individual patients, represented seven serotypes of S. dysenteriae, eight serotypes of S. flexneri, seven seIotypes of S. boydldi, and S. sonnei. The length of time the strains were maintained on artificial media prior to lyophilization varied from 48 hr to 2 years. All cultures were smooth by the following criteria: colonial appearance, turbidity in broth culture, stability in 0.85%o saline, stability in 1:500 dilution of acriflavine, and serological specificity with group-and type-specific antisera.
Until recently the search for mechanisms involved in pathogenesis of Shigella has been hindered by the lack of a susceptible laboratory animal. However, Freter (1956) succeeded in producing a long-term nonfatal infection with a streptomycin-resistant strain of S. flexneri 2a in guinea pigs treated with streptomycin to alter normal intestinal flora. Formal et al. (1958 Formal et al. ( , 1959 injection of carbon tetrachloride prior to oral challenge. This report concerns use of ligated segments of rabbit small intestine for studying characteristics of virulence in Shigella. The technique, described by De and Chatterje (1953) , consisted of injecting bacterial preparations into ligated segments of living rabbit small intestine. Within 18 to 24 hr, some bacterial strains elicited response characterized by accumulation of a protein-rich exudate causing gross dilatation of the inoculated segment. Although the technique has been frequently used in the study of enteropathogenicity of Vibrio cholerae (De and Chatterje, 1953; Jenkin and Rowley, 1959) and Escherichia coli (De, Bhattacharya, and Sarkar, 1956; Taylor, Maltby, and Payne, 1958; McNaught and Roberts, 1958) , only preliminary investigations with Shigella have been reported. Taylor and Wilkins (1961) Taylor et al. (1958) . After exposure of the small intestine, ligatuires of braided black silk thread (no. 1) were prepared with care so as to avoid disiruption of mesenteric capillaries. A ligature was placed in the jejunum, approximately 30 cm below the stomach, to retain gastric juices. The intestine was ligated to form four 15-cm segments separated by three 15-cm gaps. Inocula were introduced slowly inito the segmenits by meains of a syringe fitted with a 25-gauge needle. The inoculated intestine was replaced in the abdominal ca ity, and the incision was closed in two layers by continuous suturing. After 18 to 24 hr, the animals were killed by air embolism, and the abdominal cavity was reopened. The appearaince of the segments was recorded, and the amount of fluid in each segment was determined.
Each rabbit contained an intestiinal segment inoculated with organisms known to elicit a positive response and a segment that hadl received a preparation known to be incapable of eliciting response. Each strain was tested in a minimum of three rabbits, with the segment assigned to a certain strain being in a different anatomical position in each rabbit. Rlabbits from NMRI and from commercial sources were paired in each test.
Histopathological evaluation. Appropriate segments of small intestine were carefully excised from rabbits killed at 3-hr intervals after the operation. Tissues were fixed in O1c0 neutral buffered formalin, embedded in paraffin, and sectioned at, 5,. Sections were stained with Mayer's hematoxylin stain with 1%; alcoholic eosin as a counterstaiii and by the Brown and Brenn modification of the Gram stain foI bacteria in tissue. The gross appearance of the tissue response was recorded.
Enumeration of bacteria in ligated segments. The volume of fluid in positive intestinal segments was determined by measurement of the fluid aspirated with a syringe fitted with an 18-gauge needle. Total numbers of bacteria per segment were determined by the pour-plate method in nutrient agar (D)ifco) and the spread plate method of Miles and Misra (1938) on MacConkey Agar (Difco).
Numbers of viable shigellae in negative segments, and the normal flora counts in uninoculated gaps adjacent to inoculated segments, were determined by injecting 2 ml of sterile physiological saline into the lumen and gently massaging the fluid to rinise the mucosal surfaces. Rinsing fluids were aspirated, and 1 ml was used to determine the bacterial count.
Growth of shigellae in vivo was determined at 3-hr intervals for 12 hr. Four different resting-cell suspensions were evaluated simultaneously by inioculating four ligated segments in each rabbit. Rabbits were killed every 3 hr, amid the sizes of Introduction of shigellae into the lumen of ligated segments of small intestine in the living rabbit frequently resulted in an accumulation of exudate, causing dramatic dilatation of the segment. Histological examinations made at 3-hr intervals revealed that the sequence of events following injection of resting-cell suspensions was characteristic of an inflammatory response of progressively increasing severity.
Early stages of an inflammatory response were detected at 3 hr after inoculation (Fig. 1) . The main event was tissue edema with prominent distension of lacteals. Mild submucosal edema was noted. Gross appearance of the segment at this time was comparable to collapsed noninoculated segments, and no exudate was observed within the lumen. At 6 hr, lacteals were distended so as to create intravillous vesicles, and submucosal edema was prominent (Fig. 2) . Margination of polymorphonuclear leukocytes in the vessels, and infiltration of the mucosa, were observed. Some focal ulceration was present.
Gross examination revealed an accumulation of exudate within the lumen, causing severe distension of the intestinal walls.
Prominent histological changes at 9 hr were erosion of several villi, increased areas of superficial ulceration, and infiltration of the submucosa by pDlymorphonuclear leukocytes. Fibrin-enmeshed polymorphonuclear cells were present in the submucosa. The lumen was filled with exudate, and the segment was grossly distended.
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t Positive intestinal response in each of three rabbits examined at 6, 9, and 12 hr, respectively. bacillary dysentery infections, and one strain used in laboratory investigations, were selected for this study. All broth cultures and resting cells prepared with the recently isolated strains elicited response in the small intestine (Fig. 4) . Laboratory strain B902 did not provoke response in a significant number of animals. Forty-two segments inoculated with culture filtrates did not respond, nor did 33 segments inoculated with cell-free extracts, 51 segments inoculated with endotoxin, 16 segments inoculated with acetonedried cells, or 16 segments inoculated with heatkilled cells. These data indicate that activity responsible for eliciting intestinal response was associated with living organisms.
Of 183 rabbits, 55 failed to respond to the injection of organisms known to be capable of eliciting intestinal response. Such animals were eliminated from the studies. Macroscopically and microscopically, the positive response of rabbit small intestine to shigellae resembles that observed when ligated segments are inoculated with pathogenic strains of E. coli VOL. 89, 1965 on August 30, 2017 by guest http://jb.asm.org/ Downloaded from ARMI ET AL. (Taylor et al., 1958) or cholera vibrios (Formal et al., 1961b) . The histopathology of guinea pig small intestine after inoculation with Shigella is similar (Formal et al., 1963 Virulence may be considered as the ability of microorganisms to multiply in the host and to cause progressive pathological changes. Therefore, the use of ligated segments of rabbit small intestine qualifies as an indicator of virulence for the rabbit; and, virulence for the rabbit shows a high correlation with a short period of culture of shigellae on artificial media after isolation from human bacillary dysentery infection.
The capability of shigellae to elicit response in rabbit small intestine is rapidly lost during cultivation on artificial media. However, lyophilization immediately after isolation appears to preserve for indefinite periods of time the factors concerned with provoking the intestinal response. The ramifications and advantages of using shigellae recently isolated from acute dysentery infections for investigating possible mechanisms of pathogenesis or for the production of possible vaccines are obvious.
The finding that the capability of Shigella to elicit intestinal response is associated with living organisms is in agreement with the observations of Taylor et al. (1958) concerning enteropathogenic E. coli. These investigators postulated that intestinal response may be elicited by a diffusible factor produced by living organisms confined to the lumen. Jenkin and Rowley (1959) , working with cholerae vibrios, speculated that metabolic products formed during growth of the organisms may be involved. It is not known whether shigellae initiate an inflammatory tissue response by invasion of the superficial mucosal layers or by production of a diffusible factor that may act as a tissue irritant. These possibilities are too speculative for discussion at this time and deserve further investigation.
The use of resting-cell suspensions provides the opportunity to conduct several experiments in vitro with a stable population known to be capable of provoking response in rabbit small intestine.
The effect of seasonal variation on the host response is striking. Although the rabbits were maintained in a constant-temperature environment, provided the same diet throughout the year, and subjected to identical experimental procedures, positive intestinal responses were not observed during the summer months. This finding is similar to that reported by Formal et al.
(1 961a) concerning experimental shigellosis in modified guinea pigs. No differences were observed between the inbred rabbit strain and strains of unknown lineage.
The technique of injecting bacterial l)reparations into ligated segments of living rabbit small intestine appears to be suited for the study of pathogenesis of Shigella. This in viv-o system confines the organisms, and possibly some of their products, to a localized area within the alimentary tract, and lends itself to the inclusion of experimental controls within the same animal.
